We investigate clustering in the citation network between economics departments. We …nd a clear division that is consistent with the freshwater/saltwater division in macroeconomics and has been stable over time between 1990-2010. 
Introduction
We ask whether the academic discipline of Economics is divided into clusters of universities where authors tend to cite authors from the same cluster more than could be expected under idiosyncratic di¤erences in citation patterns. We use journal citation data to construct the citation matrix between authors'home institutions. We compare all possible partitions of top universities into two equal-size clusters. In the strongest partition the likelihood of citing an author from another university in the same "cluster" is about 16% higher than the likelihood of citing an author from the other cluster. This division is consistent with what is commonly thought as the divide between "freshwater" and "saltwater" schools.
We assess the statistical signi…cance of this division using simulations. In each simulated citation network the citation propensities are independent across university pairs, while average citation propensities and the distribution of pairwise deviations from average propensities each university match their empirical counterparts. The division is statistically extremely signi…cant, and is robust to considering di¤erent extents of "top universities" and across time periods. However, there are signi…cant di¤erences across …elds of economics, with macroeconomics and econometrics exhibiting the strongest division and economic theory no division at all.
Data
We citation data from Thomson Scienti…c's Web of Science on articles published in top 102 economics journals between 1990 and 2010.
1 Notes, editorials, proceedings, reviews, and discussions were not included. The resulting data cover 97; 526 articles with 34; 431 unique contact authors.
For cited articles the author a¢ liations are not directly observed. In order to enlarge the set of cited articles that can be matched with an author a¢ liation, we construct a career path for each author from 1977 to 2010 by using also a¢ liation information of articles published between 1977 and 1989. If a cited author did not publish in our sample journals in the same year we use the next known a¢ liation; if no a¢ liation is after the cited year then we use the last previously observed a¢ liation.
The observed a¢ liations form a total of 1187 citing and 1192 cited institutions.
We measure citations in units, so that every article conveys one unit of citations, regardless of how many documents it cites. For example, if an article by an author from MIT cites 20 articles, and 4 of them by Harvard authors, then this counts as 4=20 = 0:2 units of citations from MIT to Harvard. Cited publications whose author cannot be matched with an a¢ liation are treated as authored at an institution called "Unknown".
Selected summary statistics are reported in Table 1 for the top 30 institutions.
[ 
Analysis
We restrict the main analysis to citations between authors at top academic institutions;
we vary the top between 12 and 24. We de…ne the the ranking of institutions using eigenvalue centrality (or "in ‡uence") in the network of citations; for details, see Pinski and Narin (1976) . 2 We ignore all self-citations (over 10% of all cites) in the analysis, because citations within an institution are necessarily also within-cluster citations.
We use Q-modularity to measure clustering, see Girvan and Newman (2002) for details. 3 For a given partition of institutions to clusters, Q measures the di¤erence between the actual and expected proportion of between-cluster citing, where the expectation is calculated under independently distributed citation patterns. However, we make a small modi…cation to take into account the impact of removing self-citations on expected citation patterns. Without this correction, the expectation would predict a positive amount of self-citations. Intuitively, our expected citation patterns are calculated under the hypothesis that authors at all institutions distribute their non-self cites at a probability that depends only on target institution, not on sender institution.
Formally, the typical element (i; j) of our citation matrix M gives the sum of unit citations by authors from institution i to articles by authors from institution j. The 2 For rankings of academic journals using eigenvalue centrality, see Liebowitz and Palmer (1984) , and Eigenfactor.org. Amir and Knau¤ (2008) and Terviö (2011) apply this method to data on faculty hiring and placement.
3 Newman (2004) shows that this method is also suitable for weighted networks.
normalized citation matrix T has typical elements
and we set T ii = 0. Row i measures citations as proportions of outbound non-self cites from institution i. We de…ne its expectation as the average fraction of non-self citations by departments other than i going to department j:
and E ii = 0, for i = 1; : : : ; n. The matrix of deviations from expected citation patterns is = T E. Consider a partition of the set of n institutions into subset A and its complement.
We measure the strength of the division as
where e A is the membership vector for subset A, equal to unity for members and zero for non-members, and l is a vector of ones. This measure gives the sum of total deviations from the expected proportion of normalized citations for within-cluster pairs of institutions. We de…ne the strongest division to be the partition into two clusters of n=2 institutions (n even) that maximizes (3). 4 We use brute force to select the strongest of all Clustering results The strongest division is depicted in the last columns of The magnitude of the division can be illustrated by considering the relative propensities to cite within and between clusters. Among the top 20 academic institutions, the average number of unit citations between a pair of institutions in di¤erent clusters is 11:76, while the average for institution pairs within a cluster is 13:67, that is 16%
higher.
Strength of attachment The existence of discrete clusters is an abstractionthe point is to uncover a dimension of di¤erentiation in the citation network. The "relative salt" measure in Table 1 The relative strength of attachment to the Salt and Freshwater clusters can be measured for any institution. Outside academia, the Federal Reserve Bank appears quite "fresh" while World Bank is somewhat "salty." Formally, to measure the strength of attachment, …rst calculate as above, but for all departments and not just the top n. The "salt content" of department i is then
where e i is the ith unit vector, and e S and e F are the membership vectors of Saltwater and Freshwater clusters. The divisors account for the removal of self-cites: top institu-tions are themselves members of a cluster, and have one less potential citation partner in their own cluster. Finally, "relative salt" is obtained by subtracting the mean salt content of all departments (0:385 in our data).
Is the division statistically signi…cant? Given the large number of possible partitions, it there could be apparently strong divisions even for a random pattern of deviations. To test the statistical signi…cance of the division, we take into account that the partition has been selected from the set of possible partitions precisely in order to maximize the strength of the apparent division. Hence we compare the strength of the strongest division found in the actual sample to its bootstrapped distribution.
We generate random permutations of the deviation matrix , where we randomly reorder the o¤-diagonal elements, separately for each column, treating all possible permutations as equally likely. These simulated deviation matrices describe a world where the average share of incoming citations at each university is …xed at the actual value, and where the distribution of pairwise citing "biases" is the same as in actual data, but a tendency to cite a particular institution does not predict a tendency to cite another particular institution.
We conducted 10000 simulations for each n = 12; 16; 20, and 2000 for n = 24. In all of these simulations there was only one instance (at n = 16) of a division as strong as we …nd in the actual data. Therefore we conclude that the division is statistically very signi…cant.
Subsamples
Time periods We repeat the cluster analysis for subsets of publication years, using a rolling 10-year window starting from 1990-99 and ending in 2001-10. The set of departments is …xed at the top 16 as calculated for the whole time period (see Table 1 ). We …nd that the division to clusters is exactly the same in every period as was found for the whole period. There is also a secular decrease in the strength of the clustering. The excess percentage of cites for within-cluster pairs (over between-cluster pairs) declines from 18:9% to 13:7% between the …rst and last window. After running 10000 simulations for each window, we …nd that the division is always statistically very signi…cant, but with p value increasing from 0 to 0:0009 over time.
Fields We analyze the citations between the subset of 4 top …eld journals in nine …elds. Journal …elds are de…ned by Combes and Linnemer (2010) , and journals are ranked by eigenvalue centrality (calculated from the citation matrix between journals).
See Table A1 in the online appendix for details by journal. Table 3 shows the strength of division by …eld. In each case the analysis is conducted for the 16 most in ‡uential academic departments, as measured for the particular citation matrix. Among the individual …elds, macroeconomics and econometrics have the strongest division. By contrast, microeconomic theory appears to show no division at all. Public economics and Growth/Development also exhibit a clear division, while the remaining …elds show only weak evidence for a division.
Conclusion
The network of citations in economics exhibits a division where authors are signi…cantly less likely to cite articles by authors at universities across the divide. The division adheres to the common notions of "Freshwater"and "Saltwater"schools. The strongest division is found in macroeconomics and econometrics, whereas microeconomic theory exhibits no division. Some of the division may be explained by a tendency to cite former colleagues and mentors, as the same division has earlier been found in the network of Ph.D. placements.
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